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METHOD AND SYSTEM FOR DEFECT EVALUATION USING QUIESCENT 
POWER PLANE CURRENT (IDDQ) VOLTAGE LINEARITY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to integrated 
circuit test systems, and more particularly to a computer 
program that analyzes voltage dependency of integrated 
circuit power supply pin quiescent current measurements* 

2 . Description of Related Art 

Manufacturing tests and design verification tests are 
necessary for ensuring functionality and reliability of 
large-scale digital integrated circuits such as Very Large 
Scale Integration (VLSI) circuits. Millions of transistors 
and logic gates are often combined on a single die and the 
performance of the die is verified both in the design 
phase and the manufacturing phase of a VLSI product cycle. 

Power supply current for individual gates or blocks 
within such a VLSI circuit combines to generate the power 
requirements for the overall die, and will typically 
combine in sub-groups to several power and ground pins 
that are typically also connected within the integrated 
circuit package. Faults within a VLSI circuit are 
generally caused by short circuit paths or open circuit 
paths in conductor or semiconductor segments and as device 
and line size is decreased in order to increase transistor 
count, a tolerable defect level is established by a 
manufacturer. Post-manufacture testing is performed, 
generally at the wafer level, in order to avoid packaging 
defective devices. 
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One test that has proven very efficient for 
determining whether short circuit faults exists in 
semiconductor dies is a quiescent supply current test (or 
IDDQ test) . IDDQ testing is typically performed by 
measuring the leakage current through the power supply 
plane (sum of the power pin or return pin currents, i.e., 
IDDQ) using a manufacturing tester parametric (analog) 
measurement capability. A series of test vectors are used 
to exercise internal states of the integrated circuit and 
the IDDQ measurements are used to discover states in which 
an internal short is activated (for example, a short to 
ground on the output of an inverter raises IDDQ when the 
input of the inverter is set to a known low state by the 
test vector pattern) . 

However, the shorting resistance in short-circuit 
failures may be relatively high compared to the output 
circuit resistance and thus a particular short may not be 
a significant defect requiring rejection of a die. 
Additionally, a particular test acceptance current level 
(even on a per-vector basis) may cause rejection of dies 
that will not exhibit faults because the particular output 
circuit resistance is low with respect to the shorting 
resistance. Such a test may also pass dies that will 
exhibit faults, which may be logic value failures or 
unacceptable signal delays. Faults may be missed as the 
output circuit resistance may be so high that even a high 
shorting resistance that does not appear to significantly 
affect IDDQ may cause operational failures. Such fault 
missing may cause parts to be shipped that may exhibit 
failures in end-user installations, or at least will cost 
further test time and/or further packaging process cost 
that could be avoided if the defect could be detected 
prior to functional testing. 
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As the output resistance of various gates within a 
typical VLSI circuit may vary by as much as 100:1, 
variations in shorting resistance and short location cause 
some significant defects to be easily masked, while other 
defects that will not affect the functionality of the die 
may cause waste due to unnecessarily rejected dies. 

Therefore, it is be desirable to implement an 
improved IDDQ testing methodology that can distinguish 
between shorts that are likely to cause functional 
failures and those that will not. It would further be 
desirable to provide an IDDQ testing methodology that can 
detect high-resistance shorts that will cause functional 
failures and detect relatively low-resistance shorts that 
will not cause functional failures. 
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SUMMARY OF THE INVENTION 

The objective of providing an improved IDDQ testing 
algorithm that distinguishes between shorts that will 
cause functional failures and shorts that will not is 
provided in a method and system for performing voltage- 
dependent IDDQ testing that detects an onset of non-linear 
behavior of IDDQ versus VDD in order to determine the 
relative magnitude of the shorting resistance and the 
driving resistance . 

The method reads or collects a data set of quiescent 
power plane current (IDDQ) values over multiple power 
plane voltages for a VLSI device set to a known state by a 
test vector. The test vector may be selected as a test 
vector known to activate a defect forming a short that 
adds leakage to the power plane current. The method then 
examines the slope of the IDDQ current vs. power-plane 
voltage curve in order to determine a range of power-plane 
voltages for which the IDDQ current/voltage dependency is 
non-linear. If a linear region is detected (corresponding 
to a defect activated by the test vector) , the size of the 
non-linear region (or alternatively the linear region) is 
measured in order to determine the magnitude of the defect 
resistance relative to the driving resistance of the 
output circuit where the defect is located. A pass/fail 
manufacturing test may be implemented by comparing the 
measured non-linearity range to an allowable range, and if 
the range is larger than an allowable range, the device is 
rejected. 

IDDQ vs. VDD data may be obtained for another test 
vector that does not activate the defect and the IDDQ 
values for each VDD value are subtracted from the data for 
the test vector that activates the defect. The differences 
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are then analyzed for onset of non-linearity and if the 
region of non-linearity exceeds a threshold, the part is 
rejected* Onset of non-linearity can be determined by 
detecting a peak in the first derivative of the IDDQ vs. 
VDD curve. 

In general, if the slope of the IDDQ vs. VDD data 
does not change, any activated defect is so insubstantial 
that it is unlikely to affect circuit performance. If the 
slope changes over the entire range of voltages, a defect 
is present that is generally unacceptable. If the slope is 
constant and then begins to change below one voltage 
point, then the defect activated by the vector may cause 
failure and the severity of the defect is indicated by the 
range of voltages for which the IDDQ curve is non-linear. 

The invention may be further embodied in a 
manufacturing tester or general-purpose computer executing 
program instructions for carrying out the steps of the 
method, and in a computer program product having a storage 
media for encoding the program instructions. 

The foregoing and other objectives, features, and 
advantages of the invention will be apparent from the 
following, more particular, description of the preferred 
embodiment of the invention, as illustrated in the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a pictorial diagram of a manufacturing 
tester connected to a device under test by methods in 
accordance with an embodiment of the present invention. 

Figure 2 is a schematic diagram depicting details of 
the device under test of Figure 1. 

Figure 3 is a flow chart depicting a method in 
accordance with an embodiment of the present invention. 

Figure 4A-4C are graphs depicting results of a method 
in accordance with an embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

Referring to the figures, and particularly to Figure 
1, a VLSI wafer test system, in which methods according to 
an embodiment of the present invention are performed, is 
depicted. A wafer tester 10 includes a boundary scan unit 
10A for providing stimulus to a die 12A on a wafer under 
test 12, via a probe head 13 having electrical test 
connections 13A to die 12A. Wafer tester 10 also includes 
a parametric measurement unit (PMU) 10B, also coupled to 
die 12A via probe head 13 via electrical test connections 
13A that can measure analog parameters such as the power 
plane current (IDDQ) as measured in accordance with the 
methods of the present invention. Wafer tester 10 further 
includes a programmable power supply (PPS) 10C that 
provides for programming multiple differing power plane 
voltages (VDDs) and is coupled to PMU 10B so that the 
power supply current supplied by PPS 10C can be measured 
by PMU 10B. IDDQ measurements are performed over a series 
of test vectors stimulated by boundary scan unit 10A and 
after a delay for permitting the current to settle to a 
quiescent state, PMU 10B provides a measurement of IDDQ 
for each vector. When a vector is detected for which the 
measured IDDQ indicates that a fault is active, the power 
plane voltage (VDD) is programmed to a set of discrete 
levels and IDDQ measurements are taken at each level. In 
general, shorts are the most common defect type present in 
a device, and shorts that produce delays only (e.g., 
shorts that would allow a device to operate, but below its 
rated speed) are increasingly a problem in present-day 
devices . 
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A workstation computer 18, having a processor 16 
coupled to a memory 17, for executing program instructions 
from memory 17, wherein the program instructions include 
program instructions for executing one or more methods in 
accordance with an embodiment of the present invention, is 
coupled to wafer tester 10, whereby IDDQ measurement for a 
die over a plurality of test vectors and a plurality of 
voltages for those vectors that indicate the presence of 
an active fault are collected and stored in memory 17 
and/or other media storage such as a hard disk. 
Workstation computer 18 is also coupled to a graphical 
display 19 for displaying program output such as the 
current vs. voltage graphs provided by embodiments of the 
present invention. Workstation computer 18 is further 
coupled to input devices such as a mouse 15 and a keyboard 
14 for receiving user input. Workstation computer may be 
coupled to a public network such as the Internet, or may 
be a private network such as the various "intra-nets" and 
software containing program instructions embodying methods 
in accordance with embodiments of the present invention 
may be located on remote computers or locally within 
workstation computer 18. Further, workstation computer 18 
may be coupled to wafer tester by such a network 
connection. 

While the system of Figure 1, depicts a configuration 
suitable for sequential test of a plurality of dies on a 
wafer, the depicted system is illustrative and not 
limiting to the present invention. Probe head 13 may be a 
multi-die full wafer probe system, or may comprise 
multiple probe heads for simultaneously testing multiple 
wafers on a single or multiple die basis. Additionally, 
while boundary scan vector injection is illustrated, the 
techniques of the present invention may also be applied to 
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test patterns generated internally by die 12A including 
the execution of test code from a processor incorporated 
on die 12A, or test patterns generated by connection of 
die 12A to a stimulus source other than boundary scan unit 
10A, for example, a dedicated exerciser logic. 

Referring now to Figure 2, a block diagram of a 
simplified integrated circuit die 12A for illustrating the 
methods of the present invention is shown. The power 
supply current Iddqfnjfor the combined power plane of die 
12A is measured as die 12A is stimulated from Joint Test 
Action Group (JTAG) interface 22, which sets boundary 
latches 21 that set internal states of integrated circuit 
die 12A. Other logic 23 may be present between boundary 
latches 23 and logic that activates a defect 24, depicted 
as a shorting resistance 24 between the power supply rail 
and the output of a logical CMOS inverter formed by 
transistors P21 and N21. When the gates of transistors N21 
and P21 are inactive (low) , resistance 24 will not cause a 
significant rise in IDDQ. However, when the gates of 
transistors N21 and P21 are active (high) , resistance 24 
will cause a rise in IDDQ by conducting current from the 
power supply rail to ground through transistor N21. The 
above-described circuit is illustrative of a defect 
(short) that is activated by all states in which the input 
of the inverter is active (i.e., the gates of transistors 
N21 and P21 are the logical high voltage state) . More 
complex faults are also detectable via IDDQ rise, such as 
shorts between logical circuit nodes that become active 
when the nodes are in different states and semi-conducting 
shorts that are active only for particular states and 
polarity. Shorting resistance 24 affects the delay and/or 
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logic level of signals transmitted by the inverter formed 
by transistors P21 and N21 to other logic circuits 23A. 

Depending on the relative resistance of transistor 
N21 to shorting resistance 24, shorting resistance 24 may 
or may not cause a logic level transmission fault to other 
logic circuits 24 (i.e., an incorrect logic state within 
other logic circuits 23A for the low level logic state of 
the inverter due to too high a voltage at the inverter 
output caused by shorting resistance 24.) In all cases, 
shorting resistance 24 causes a delay increase for the 
transition to the logic low state of the inverter. The 
above-described delay variation may cause a functional 
failure of die 12A. If the resistance of shorting 
resistance 24 is relatively high with respect to the 
driving circuit resistance (i.e., the on state equivalent 
resistances of transistors N21 and P21) , then the delay 
variation will be negligible. The present invention 
provides a methodology for determining the relative 
resistance of a shorting resistance defect to the driving- 
point resistance without knowing where the fault is 
located, and thus permits selective rejection of dies 
based on the relative resistance rather than absolute 
current magnitude. Without the ability to determine 
relative resistance of a fault, an IDDQ test may falsely 
indicate a severe defect for high fault leakage current 
causing unacceptable rejection of functional dies or 
indicate a non-severe defect for low fault leakage current 
causing non-functional devices to pass an IDDQ test. 

The size of the non-linear region of the IDDQ vs. VDD 
curve presents a measure of the relative resistances of 
the driving transistor (s) and the defect resistance, as 
the transistor equivalent on-resistance is non-linear with 
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Vds and Vgs. As VDD is decreased, the equivalent 
resistance of the transistor increases, but the resistance 
of the defect remains the same. When the defect resistance 
is high with respect to the resistance of the transistor 
(a benign defect) , the IDDQ for the circuit will be 
substantially linear throughout the range of applied VDD. 
When the magnitude of the defect resistance is on the 
order of the magnitude of the transistor equivalent 
resistance, there will be a transition in the slope of the 
IDDQ vs. VDD curve from linear at higher VDDs where the 
defect resistance represents the majority of the total 
resistance to non-linear at lower VDDs where the 
transistor resistance predominates. Moreover, the higher 
the defect resistance relative to the transistor 
equivalent resistance, the lower the voltage will be at 
the point of transition from linear to non-linear 
relationship between IDDQ and VDD. Therefore, smaller 
ranges of non-linearity (and consequent greater ranges of 
linearity) indicate defects that will have less effect on 
circuit performance. The position of the change in 
linearity, is therefore an indicator of the resistance of 
a short with respect to the transistor equivalent 
resistance and therefore the severity of the defect. 
Finally, if the defect resistance is significantly lower 
than the transistor equivalent resistance, the IDDQ vs. 
VDD curve will be non-linear throughout the VDD range and 
if the defect resistance is significantly higher, the 
curve will be linear throughout the VDD range. The present 
invention determines the range in which the IDDQ vs. VDD 
curve is linear and uses that metric to determine which 
devices are acceptable and which devices should be 
rejected. As described above, the size of the linear range 
of the IDDQ vs. VDD curve is a measure of the key factor 
of a defect's severity: the relative resistance of the 
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defect with respect to the circuit driving point 
resistance (the transistor equivalent resistance) . 

Referring now to Figure 3, a method in accordance 
with an embodiment of the present invention is depicted in 
a flowchart. Upon detecting a vector that indicates the 
presence of an activated fault, (e.g., IDDQ exceeds a 
threshold or is otherwise detected as not matching an 
acceptable IDDQ value for the test vector) , IDDQ data is 
collected over multiple programmed VDD values for that 
vector (step 40) . Next, IDDQ data may be collected for 
another vector that is known to not activate any fault 
(e.g., the minimum IDDQ vector for the die) over the same 
set of VDD values (step 41) . Then the differences between 
IDDQ for the fault-activating vector and the non-fault- 
activating vector are subtracted to normalize the IDDQ 
values (step 42) . (Subtraction of background current level 
is especially useful in testing devices manufactured using 
sub-micron processes, as background leakage levels may be 
as great as or greater than a defect-related current.) 
Next, the VDD vs. IDDQ data is then examined to determine 
the VDD voltage below which the IDDQ vs. VDD curve becomes 
non-linear, if any non-linearity is detectable (step 43) . 
If the range of VDD for which the non-linearity is 
exhibited is greater than a threshold (decision 44) then 
the die is rejected (step 45) . Otherwise the defect is 
determined to be acceptable and the die is accepted or 
testing is resumed (step 46) . The non-linearity detection 
of step 43 may be performed by detecting peaks in the 
first derivative of the IDDQ data taken over the set of 
VDD voltages. 

Referring now to Figures 4A-4C, graphs illustrating 
the advantages of the present invention are depicted. 



AUS920030654US1 

13 

Figure 4A depicts simulated IDDQ versus VDD voltage test 
data for devices having a logic gate (inverter) with 
differing output resistances, where in each case the logic 
gate is affected by a defect of a predetermined resistance 
(in the depicted case, a 2000 Ohm resistance at the 
inverter output) . The top curve 50 corresponds to a 
"strong" gate (i.e., a gate having a relatively low output 
resistance) for which the defect causes a very short 
(insignificant) delay, while the bottom curve 51 
corresponds to a "weak" gate (i.e., a gate having a 
relatively high output resistance) for which the defect 
causes a long delay that will likely cause the shorted 
circuit to fail (e.g., the circuit will not operate at its 
rated speed or clock frequency) . The curves in between the 
top and bottom curves represent defect/gate resistance 
relationships that are in-between the above-described 
"strong" and "weak" gate examples. Counter to normal IDDQ 
testing philosophy, it is apparent that the die most 
severely affected by the defect (having a weak gate 
driving the defective node) has a lower IDDQ value 
overall, while the die least affected by the defect 
(having a strong gate driving the defective node) has a 
higher IDDQ value. Therefore, IDDQ magnitude-only testing 
cannot make the distinctions possible using the 
methodology of the present invention. 

Figure 4B depicts the first derivative of the IDDQ 
curves of Figure 4A. The peaks of each curve can be used 
as an approximation of the VDD point of onset of non- 
linearity. The bottommost curve 53 at the left of the 
graph (corresponding to the first derivative of curve 51 
of Figure 4A) has a peak at approximately VDD = . 9V, 
exemplifying a device for which the non-linear range is 
large. For some defects, the non-linear region may extend 
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throughout the entire measured voltage interval, in which 
case no peak may be observed in the first derivative. The 
curve having the leftmost peak corresponds to the top 
curve 50 of Figure 4A, and indicates an onset of non- 
linearity 54 at the lowest VDD voltage of any of the 
curves. The linear range indicated for curve 50 is thus 
the largest linear range; curve 51 has the smallest linear 
range. The VDD position of the peak of the first- 
derivative curve can be detected (by taking the second 
derivative or by other means) and used to determine a VDD 
range over which the IDDQ vs. VDD performance is linear. A 
threshold above which the IDDQ curve remains non-linear 
can then be used as a pass/fail threshold for rejecting 
dies. In general, a threshold will also be applied to the 
first derivative peak-detection algorithm, so that 
numerical or measurement noise does not cause a false 
indication of a change in linearity. 

Referring now to Figure 4C, a graph depicting the 
relationship of excess delay (caused by a shorting 
resistance) to the IDDQ non-linearity onset voltage for 
the logic gates exemplified in Figure 4A and a wide range 
of shorting resistance. There is an inverse relationship 
between the range for which VDD is linear and the excess 
delay caused by the defect, as the non-linearity onset 
voltage represents the VDD above which the resistance of 
the driving-point transistor plus the defect resistance is 
dominated by the defect resistance. The lower the defect 
resistance, the lower the output resistance of the driving 
gate must be so that linear behavior is observed in the 
IDDQ vs. VDD curve. Thus for lower defect resistances, 
linearity is either never exhibited or is exhibited at 
relatively high VDD voltage compared to a high resistance 
defect at the same node. 
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While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
5 that the foregoing and other changes in form, and details 
may be made therein without departing from the spirit and 
scope of the invention. 



